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(54) Downhoie current generator 

(57) A downhoie cun-ent generator (34) generates 
power in a wellbore and includes a power section (36) 
and a generator section (38). The power section (36) 
has a sleeve (44) slidabty disposed within a housing (42) 
which oscillates in response to the application of fluid 
pressure to the current generator (34). A piston (48) is 
slidably attached to the sleeve (44) and oscillates rela- 
tive to the sleeve (44) and the housing (42). The piston 
(87) extends longitudinally Into the generator section 
(38) and has a plurality of magnets (78) attached thereto 
which oscillate with the piston (48). Wire coil sections 
(82) are fixed relative to the housing of the generator 
section (38) and are positioned between the oscillating 
magnets (78) such that a current is induced In the wire 
coil sections (82) upon oscillation of the magnets (78) 
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Description 

[0001] This invention relates in general to generation 
of current, and more particularly to the generation of cur- 
rent using a generator and a downhole pump assembly. 
The invention also relates to a method of generating 
power in a wellbore. 

[0002] During the course of drilling an oil or gas well, 
various operations often require a downhole electric 
power source. For example, a power source is required 
to operate circuits and instruments that measure the 
production capabilities of a well during the initial drilling 
of an oil well. In the prior art, batteries are typically used 
to provide the necessary power in a well. 
[0003] However, a significant problem with the use of 
batteries as a power supply in a downhole environment 
is their limited life expectancy. Failure of a battery in a 
downhole power source can cause much delay and ex- 
pense. 

[0004] For example, one operation which is often per- 
formed during the course of drilling an oil or gas well is 
to lower a testing string into the well to test the produc- 
tion capabilities of hydrocarbon producing underground 
formations intersected by the well. Testing is typically 
accomplished by lowering a string of pipe, generally drill 
pipe or tubing, into the well with a packer attached to the 
string at its lower end. Once the test string is lowered to 
the desired final position, the packer is set to seal off the 
annulus between the test string and the wellbore or cas- 
ing, and the underground formation is allowed to pro- 
duce oil or gas through the test string. Measurements 
of pressure and temperature are then taken by trans- 
ducers within the string, and the data is either stored in 
a memory, such as a random access memory (RAM) 
chip, within the testing circuit or transmitted to the sur- 
face. Depending on the data required for well test ob- 
jectives, testing may last anywhere from one day to two 
weeks. 

[0005] If a battery required by the downhole power 

source for the down hole instrument fails prior to the 
completion of testing, the testing string must be pulled 
back to the surface and the battery replaced or valuable 
rig time may be wasted on testing with no recorded data. 
This procedure causes an interruption in the collection 
of data as welt as delay and further expense in the drill- 
ing process. 

[0006] In addition, batteries can only provide a limited 
amount of power even when fully charged. This disad- 
vantage limits the use of circuits requiring higher power 
in a downhole environment. 

[0007] Accordingly, a need has arisen in the industry 
for a method and apparatus to extend the life of a down- 
hole power source and/or increase the anrK>unt of power 
output from a downhole power source. 
[0008] The present invention is directed to a down- 
hole current generator for generating current in a well- 
bore. In one embodiment, the current generator in- 
cludes a power section, which includes a first housing, 



a sleeve slidably disposed within the first housing such 
that the sleeve oscillates axialiy within the housing in 
response to changes in fluid pressure within the well- 
bore, and a piston slidably disposed within the sleeve to 

5 oscillate axiaily relative the sleeve and the housing. In 
this embodiment, the current generator further includes 
a generator sectbn, wherein the altemator section in- 
cludes a second housing attached to the power section 
and defining an interior volume into which the piston of 

10 the power section extends, at least two magnets at- 
tached to the piston such that the magnets oscillate in 
response to the oscillation of the piston, and a wire coil 
section fixed relative to the second housing of the alter- 
nator section and positioned to overlap the two mag- 

is nets. 

[0009] According to one aspect of the invention there 
is provided a downhole cun'ent generator, comprising: 
a power section; and a generator section which gener- 
ates a current responsive to oscillations of the power 
20 section. 

[0010] The generator section preferably includes: at 
least one magnet which oscillates in response to the os- 
cillation of said power section; and at least one wire coil 
section positioned in relation the or each magnet such 

25 that a current is induced within said at least one wire coil 
section in response to oscillations of the or each mag- 
net. There may be a plurality of magnets, and preferably 
there are at least two magnets. 
[0011] The power section preferably includes a piston 

30 which oscillates in response to an application of in- 
creased fluid pressure to said power section; the or each 
magnet may be attached to said piston. The or each 
magnet may overlap the or each wire coil section during 
oscillation. 

55 [0012] The or each wire coil section may be fixedly 
attached to a finger piece which Is positioned between 
at least two of said plurality of magnets. The finger piec- 
es may be made of a non-conductive plastic material. 
[0013] The current generated by said generator may 

40 be an alternating current, and said generator may fur- 
ther include an AC to DC convertor for converting said 
alternating current into a direct current. 
[0014] According to another aspect of the invention 
there Is provided a downhole current generator for gen- 

45 erating current in a wellbore, comprising: a power sec- 
tion, including a first housing, a sleeve slidably disposed 
within said first housing such that said sleeve oscillates 
axiaily within said first housing in response to changes 
in fluid pressure across the power section, and a piston 

so slidably disposed within said sleeve to oscillate axiaily 
relative said sleeve and said first housing; and a gener- 
ator section, including a second housing attached to 
said power section and defining an interior volume into 
which said piston of said power section extends, at least 

55 two magnets attached to said piston such that said at 
least two magnets oscillate in response to the oscillation 
of said piston, and a wire coll section fixed relative to 
said second housing of said generator section and po- 
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sitioned to overtap said at least two magnets. 
[0015] Said generator section may further include al- 
ternating finger pieces extending longitudinally along 
said second housing of said generator section and fur- 
ther defining grooves between the finger pieces. Said 
magnets may be attached to said piston to oscillate with- 
in said grooves defined by said alternating finger pieces. 
[001 6] A bobbin may be attached to said finger pieces 
and a wire coil may be wrapped around said bobbin such 
that said magnets generate a magnetic field perpendic- 
ular to the circumference of said wire coil. 
[0017] Said finger pieces and said bobbin are prefer- 
ably made from a non-metallic, non-conductive materi- 
al. 

[0018] Preferably, a cross-section of said at least two 
magnets is relatively thick in comparison with a cross- 
section of said wire coil section. 
[0019] The magnets nnay be fixedly attached to the 
piston with capscrews. 

[0020] The piston and said first housing of said power 
section may define an upper chamber and a lower 
chamber therebetween. 

[0021] The first housing may have at least one fluid 
passageway in communication with an annular volume 
around the exterior of said first housing, the sleeve may 
have at least one fluid passageway which is in commu- 
nication with the at least one fluid passageway of said 
first housing and said piston may have at least one up- 
per radial fluid passageway in communication with the 
said interior volume. At least one upper axial fluid pas- 
sageway may be in communication with said upper 
chamber, and at least one lower radial fluid passageway 
may be in communication with said interior volume, and 
at least one lower axial fluid passageway may be in com- 
munication with said lower chamber. 
[0022] The piston and the sleeve may define an upper 
volume and a lower volume therebetween. 
[0023] The or each upper radial fluid passageway 
may be altematively in communication with said upper 
chamber and said upper volume, and wherein the or 
each upper axial fluid passageway may be alternatively 
in communication with said upper volume and the or 
each fluid passageway of said sleeve. The or each lower 
radial fluid passageway may be altematively in commu- 
nication with said lower chamber and said lower volume, 
and the or each lower axial fluid passageway may be 
altematively in communication with said lower volume 
and the or each fluid passageway of said sleeve as said 
piston oscillates. 

[0024] According to another aspect of the inventbn 
there is provided a method ot generating power in a well- 
bore, comprising: oscillating a piston in a downhole cur- 
rent generator responsive to a differential in fluid pres- 
sure across the downhole current applied to said down- 
hole current generator; and relatively oscillating at least 
one magnet relative to a wire coil section responsive to 
the oscillation of said piston to induce a current in said 
wire coil section. 



[0025] The method preferably further includes the 
steps of: inserting a downhole current generator into a 
wellbore. wherein the downhole current generator in- 
cludes a power section and an generator section; and 
s applying fluid pressure to the downhole current gener- 
ator. 

[0026] The step of oscillating the piston may further 
include the steps of oscillating a sleeve which is slidably 
disposed within a housing of the power section of said 
downhole current generator responsive to the change 
in fluid pressure, and oscillating said piston relative to 
said sleeve and said housing responsive to the change 
in fluid pressure. 

[0027] The step of applying a fluid pressure to said 
downhole current generator may further include the step 
of pumping fluid into the wellbore. 
[0028] Reference is now made to the accompanying 
drawings, in which: 

Figure 1 illustrates a schematic of an offshore oil or 
gas drilling platform operating an embodiment of a 
downhole current generator according to the 
present invention; 

Figure 2A illustrates a half-sectional view of an em- 
bodiment of a power section of the downhole cur- 
rent generator according to the present invention; 
Figure 2B illustrates a half-sectional view of an em- 
bodiment of an alternator section of the downhole 
current generator according to the present inven- 
tion; 

Figure 2C illustrates a cross-sectional view of the 
alternator section of the downhole current genera- 
tor according to the present inventbn; 
Figures 3A-E illustrate quarter-sectional views 
showing the operation of an embodiment of a power 
section of the current generator according to the 
present invention; 

Figures 4A-E illustrate half -sectional views of the al- 
ternator section of the current generator according 
to the present invention; 

Figures 5A-E illustrate cross-sectional views of an- 
other embodiment of the alternator section of the 
current generator according to the present inven- 
tion; 

Figures 6A illustrates an example of a waveform of 
. current generated by the alternator section shown 
in Figures 4A-E; 

Figure 6B Illustrates an example of a waveform of 
current generated by the alternator section shown 

in Figures 5A-E; 

Figure 7A illustrates a half sectional view of an em- 
bodiment of a power section of a downhole current 
generator according to the present invention used 
within a probe; 

Figure 7B illustrates a half sectional view of an em- 
bodiment of a generator section of a downhole cur- 
rent generator according to the present invention 
used within a probe; 
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Figure 8A illustrates an embodiment of a generator 
section which directty produces a direct current; 
Figure 8B is a more detailed view of a section of the 
generator section shown in Figure 8A; 
Figure 8C depicts another embodiment of a gener- 
ator section which directly generates direct current; 
Figure 6D illustrates yet another embodiment of a 
generator section which directly generates direct 
current; 

Figure 9A illustrates a half-sectional view of another 
embodiment of a power section of a downhole cur- 
rent generator according to the present invention; 
Figure 1 0A illustrates a cross-sectional view of the 
power section depicted in Figure gA taken along 
line 9-9; 

Figure 9B illustrates the power section shown in 
Figure 8A, modified to operate under annulus pres- 
sure; and 

Figure 10B illustrates a cross-sectional view of the 
power section depicted in Figure 98 taken abng 
tine 9-9. 

[0029] In Figure 1, an offshore oil or gas platform 
which includes the downhole current generator 34 of the 
present Invention is shown. A semisubmerslble drilling 
platform 12 is centred over a submerged oil or gas for- 
mation 14 located below sea floor 16. A subsea conduit 
18 extends from a deck 20 of a platform 12 to a well 
head installation 22 including bk>wout preventors 24. 
The platform 12 has a derrick 28 and a hoisting appa- 
ratus 26 for raising and lowering the drill string 30. The 
drill string 30 includes a drill bit 32, tools or sensors 39 
requiring electric power to test or measure properties of 
downhole functions 14 and a downhole current genera- 
tor 34. The current generator 34 includes a power sec- 
tion 36 and a generator section 38. 
[0030] The current generator 34 of the present inven- 
tion is not limited to use with drill string 30 on an offshore 
rig as shown in Figure 1 . The current generator 34 may 
also be incorporated into a probe that is inserted in the 
drill sting 30 or used with conventional offshore drilling 
rigs or during onshore drilling operations. In addition, a 
current generator 34 may be used in any number of well 
service operations, including during formation testing. 
In the operation of the current generator 34, the tubing 
pressure inside the drill string 30 can be elevated by ad- 
justing the flow of fluid through the drill string 30. The 
change in tubing pressure causes the internal mecha- 
nisms within the power section 36 to oscillate, as de- 
scribed in more detail below. In response to the oscillat- 
ing mechanisms within the power section 36, a plurality 
of magnets within the alternator section 38 repeatedly 
cross over coil wires also kx:ated in the alternator sec- 
tion 38. This oscillation of the magnets with respect to 
the coil wires creates a changing magnetic flux across 
the coil wires. As a result, an alternating current is gen- 
erated within the coil wires. The alternating current gen- 
erated by the current generator 34 may be converted to 



DC current with an AC/DC converter, if necessary. 
[0031] The current generated by the current genera- 
tor 34 may be used to supplement the power of batteries 
in a downhole power source. The additbnal current gen- 
5 erated by the current generator 34 can increase the 
power output to operate circuits requiring higher power. 
By supplementing the electrical power provided by the 
downhole battery, the present invention enables the use 
of circuits; sensors, instruments on control valves, etc., 
10 requiring higher power than what could previously be 
provided by downhole batteries. In addition, the current 
generated by the current generator 34 may be used to 
temporarily replace the battery as in a downhole power 
source. By allowing less use of the battery, the present 
IS invention increases the life of downhole batteries. In ad- 
dition, the invention may be used to recharge recharge- 
able downhole batteries. 

[0032] The current generator 34 of the present inven- 
tion may also be regulated to provide a varying supply 
of current. For example, the amplitude of the current 
generated may be increased by Increasing the rate of 
oscillation through adjustments in the amount of fluid 
flowing through the drill string 30. When the current gen- 
erator 34 is no longer needed, the tubing pressure may 
be reduced which In turn causes the power section 36 
to stop pumping and current generatbn to cease. Other 
drilling operations may then resume. 
[0033] The power section 36 and the alternator sec- 
tion 38 of the current generator 34 are shown in more 
detail with reference to Figures 2A-2C. Figure 2A Illus- 
trates the power section 36 In more detail. Specifically, 
the power Section 36 includes a housing 42 which may 
be threadably connected to the drill string 30 at its upper 
and lower ends. A sleeve 44 is slidably disposed within 
the housing 42. Multiple annular seals 46, such as O- 
rings, are disposed between the sleeve 44 and the hous- 
ing 42 to provide a seal therebetween. The piston 48 
defines an interior volume 50 which includes the center- 
line of the drill string 30. Multiple annular seals 46 are 
also disposed between the piston 48 and the Interior of 
the housing 42 to provide a seal therebetween. 
[0034] Between the housing 42 and the piston 48 is 
an upper chamber 52 and a lower chamber 54. The 
housing 42 defines a fluid passageway 56 which is in 
communication with the wellbore 40. Sleeve 44 defines 
a fluid passageway 58 which is in communication with 
the fluid passageway 56 of the housing 42. The piston 
48 defines an upper radial fluid passageway 60 and a 
lower radial fluid passageway 62. The upper radial fluid 
passageway 60 and the lower radial fluid passageway 
62 are In communication with the Interior volume 50. The 
'piston 48 also defines an upper axial fluid passageway 
64 which is in communication with the upper chamber 
52 and the lower axial fluid passageway 66 which in turn 
is in communication with the lower chamber 54. Be- 
tween the piston 48 and the sleeve 44 is an upper vol- 
ume 68 and a lower volume 70. The piston 48 also de- 
fines a groove 71 which accepts a plurality of kxking 
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members 74. The locking members 74 prevent relative 
axial movement between the piston 48 and the housing 
42 when the tubing pressure inside the interior volume 
50 is less than a predetermined value, such as during 
drilling operations. When the tubing pressure inside the 
interior volume 50 exceeds the annuius pressure by a 
predetermined value, the bias force of the springs within 
the locking members 74 is overcome. This reduction in 
the bias force allows the kx:klng members 74 to retract, 
thereby allowing the piston 48 to move axially relative 
to housing 42. 

[0035] As the piston 48 moves up and down axially, 
the upper radial fluid passageway 60 is alternately in 
communicatbn with the upper chamber 52 and the up- 
per volume 68. The upper axial fluid passageway 64 is 
alternately in communication with the upper volume 68 
and the fluid passageway 58 of the sleeve 44. The lower 
radial fluid passageway 62 is alternatively in communi- 
cation with the tower chamber 54 and the lower volume 
70. The lower axial fluid passageway 66 is alternately 
in communication with the lower volume 70 and the fluid 
passageway 58 of the sleeve 44. 
[0036] The altemator section 38 of the current gener- 
ator 34 is shown in more detail in Figures 2B and 2C. 
Figure 2B illustrates a half-sectional view of the alterna- 
tor section 38, and Figure 2C illustrates a cross-section- 
al view of the altemator section 38 of Figure 2B along 
line 2C-2C. The altemator section 36 is threadably at- 
tached 76 to the power section 36. Multiple O-rings 46 
provide a tight seal between the threads 76 and the 
housing 42. The piston 48 extends longitudinally from 
the power section 36 to the alternator section 38. 
[0037] As seen in the cross-sectional view of Figure 
2C, the alternator section 38 includes multiple magnets 
78 and wire coil sections 62. The magnets 76 are at- 
tached to the piston 48 while the wire coil sections 82 
are attached to the housing 42 such that the magnets 
78 oscillate across wire coil sections 82. Though Figure 
2C illustrates four magnets 78 and four wire coil sections 
82. a person of ordinary skill in the art will appreciate 
that the combinatton of magnets and wire coil sections 
is not limited to four. It has been found that the wire coil 
sections 82 should be relatively thin in comparison to 
the magnets 78 so that the magnetic field exerted by the 
magnets 78 across each wire coil sections 82 is gener- 
ally uniform and strong. 

[0038] The magnets 78 are attached to the piston 48 
with capscrews 80. as seen in Figure 28. A person of 
ordinary skill in the art will appreciate that the magnets 
76 may be attached to the piston 48 using other meth: 
ods, such as adhesives. The housing 42 defines a space 
92 wherein each magnet 78 oscillates in response to the 
oscillation of the piston 48. In this embodiment of the 
invention, each magnet 78 is positioned such that it fully 
extends across the wire coil 48 at the lowest position of 
the piston 48 relative to the housing 42. The housing 42, 
the sleeve 44 and the piston 48 are preferably com- 
posed of a high non-magnetic strength metal with good 



corrosion resistance such as a chromium-nickel alloy 
sold under the trademark MP-35-N™ by Latrobe Spe- 
cial Products Div. in Latrobe, Pa. or sold under the trade- 
mark INCONELTM alloy 71 8 by Inco Alloys International, 
5 Inc. of Huntington, WV. 

[0039] The wire coil sections 82 are each attached to 
finger pieces 84 which are alternately positioned be- 
tween the magnets 78 within the housing 42. The finger 
pieces 84 are attached by a capscrew 80 to a section 
92 such that the finger pieces 84 remain immobile within 
the housing 42 while the magnets 78 oscillate with the 
piston 48 across the wire coil sections 82. 
[0040] The finger pieces 84 are preferably made of a 
plastic, or other non-metallic and non-conductive mate- 
rial, having a high rigidity and high stability at high tem- 
peratures. Polyether ester ketone or PEEK is preferably 
used as the material for the finger pieces 84, though oth- 
er materials with appropriate properties may be used as 
well. As shown in Figure 2B. bobbins 86 are attached to 
the finger pieces 84. The wire coils 82 are wrapped 
around the bobbins 86 multiple times to form a thick lay- 
er of coils. Similarly to the finger pieces 84, each bobbin 
86 is preferably formed from a plastic or other non-me- 
tallic and non-conductive material, such as PEEK, to 
prevent generation of eddy currents which may create 
heat or additional magnetic fields. 
[0041] The magnets 78 generate a magnetic field 
across the wire coil sections 62 from the north pole to 
the south pole of adjacent magnets. Specifically, the 
magnetic fields are generated from the north pole of 
magnet 78a to the south pole of magnet 78b, from the 
north pole of magnet 78b to the south pole of magnet 
78c. from the north pole of magnet 78c to the south pole 
of magnet 78d, and from the north pole of magnet 78d 
to the south pole of magnet 78a. The wire coils 82 ai'e 
positioned such that the direction of the nnagnetic fiekJ 
generated by the magnets 78 Is perpendteular to the di- 
ameter of the wire coil sections 82. 
[0042] Another downhole section 92 is threadably at- 
tached 76 to the alternator section. Two current wires 
84 conduct the alternating current generated by the al- 
ternator section 38 to the other downhole section 92. 
The current wires 84 are attached to the other downhole 
section 92 via a feed through 90, as made by Kemlon 
in Houston, Texas. The other downhole section 92 may 
contain an AC-to-DC convertor to convert the alternat- 
ing current generated by the altemator section 38 to a 
direct current, as well as a downhole power source, such 
as a battery, or other circuits which would benefit from 
the current generated by the altemator section 38. 
[0043] In an alternate embodiment (not shown), the 
■wire coil sections 82 are attached instead to the piston 
48 while the magnets 78 remain immobile within the 
housing 42. The magnets 78 generate a magnetic field 
through which the wire coil sections 82 oscillate as they 
travel with the piston 48. 

[0044] The operation of the current generator 34 is 
now explained in more detail with reference to Figures 
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3A through 3E and Figures 4A through 4E. 
[0045] In Figures 3A-3E, the operatnn of the power 
section 36 ot the current generator 34 is depicted. In the 
first step, the interior pressure of the volume 50 within 
the drill string 30 is increased. For example, engine sur- 
face pumps may pump fluid into the well to increase the 
pressure within the interior volume 50. During the for- 
mation testing of a well, one or more packers may also 
seal the area between the weilbore 40 and the housing 
42 such that the formation 14 is isolated from the rest ot 
the weilbore 40. As a result of the increased pressure, 
the fluid from the interbr volume 50 enters the upper 
chamber 52 through the upper radial fluid passageway 
60. The fluid from the lower chamber 54 enters the well- 
bore 40 through the tower axial fluid passageway 66, 
and hence, through the fluid passageway 56 of the 
sleeve 44, and finally through the fluid passageway 56 
of the housing 42. The high pressure fluid in the cham- 
ber 52 urges the sleeve 44 and the piston 48 downward 
relative to the housing 42. The upper coil spring 94 fur- 
ther urges the sleeve 44 downward relative to the hous- 
ing 42. The sleeve 44 travels downward until it contacts 
the shoulder 98 of the housing 42 as depicted in Figure 
3A. 

[0046] The high pressure in the chamber 52 continues 
to urge the piston 48 downward relative to the housing 
42 and the sleeve 44 after the sieeve 44 contacts the 
shoulder 98. The piston 48 continues to travel down- 
ward relative to the sleeve 44 until the radial fluid pas- 
sageway 60 is in communication with the upper volume 
68, the upper axial fluid passageway 64 is in communi- 
cation with the fluid passageway 58 of sleeve 44, -the 
lower radial fluid passageway 62 is in communication 
with the lower chamber 54, and the lower axial fluid pas- 
sageway 66 is in communication with the lower volume 
70. This completes the downward stroke of the piston 
48. Once the downward stroke of the piston 48 has been 
completed, the pressure in the upper chamber 52 and 
in the lower chamber 54 is equalized. This removes all 
of the hydraulic force on the sleeve 44 as depicted in 
Figure 3B. 

[0047] The tower coil spring 96 urges the sleeve 44 
upward until the sleeve 44 contacts the shoulder 1 01 of 
the piston 48 as depk:ted in Figure 3C. High pressure 
fluid from the interior volume 50 enters the lower cham- 
ber 54 through the lower radial fluid passageway 62 
while the fluid from the upper chamber 52 enters the 
weilbore 40 through the upper axial fluid passageway 
64. then through the fluid passageway 58 of the sleeve 
44, and finally through the fluid passageway 56 of the 
housing 42. The high pressure fluid In the chamber 54 
urges the sleeve 44 and the piston 48 upward relative 
to the housing 42. The piston 48 and the sleeve 44 travel 
upward together until the sleeve 44 stops against the 
shoulder 1 02 of the housing 42 as depicted in Figure 3D. 
[0048] The high pressure fluid in the lower chamber 
54 continues to urge the piston 48 upward until the upper 
radial fluid passageway 60 is in fluid communication with 



the upper chamber 52. the upper axial fluid passageway 
64 is in fluid communication with the upper volume 68, 
the lower radial fluid passageway 62 is in fluid commu- 
nication with the lower volume 70 and the lower axial 
5 fluid passageway 66 is in fluid communication with the 
fluid passageway 58 of the sleeve 44. This ends the up- 
ward stroke of the piston 48 and allows the pressure in 
the upper chamber 52 and the bwer chamber 54 to 
equalize and thus remove all hydraulic forces on the 
10 sleeve 44, as depicted in Figure 3E. The upper coil 
spring 94 urges the sleeve 44 downward until the sleeve 
44 contacts the shoulder 103. which albws flukJ from 
the interior volume 50 to enter the upper chamber 52. 
This starts the downward cycle again. 
[0049] The operation of the alternator section 38 in 
conjunction with the operation of the power section 36 
is now described with reference to Figures 4A through 
4E. In Figure 4A, the piston 48 is at its lowest position 
(as shown in Figure 3B). The magnets 78 on the altern- 
ator section 38 extends completely across the wire coil 
sections 82. As the piston 48 oscillates in an upward 
axial direction within housing 42, the magnets 78 move 
with the piston 48 and across the wire coils 82. as shown 
in Figure 4B, so that a decreasing area of each magnet 
76 overlaps each wire coil section 82. 
[0050] The movement of the magnets 78 create a 
change in the area cutting magnetic flux across the 
wire coil sections 82, where magnetic flux <^ is meas- 
ured in units of webers/sec. According to Faraday's law. 
the current, 1, induced by a change in magnetic flux is 
equal to: 

R ' 

where R is the resistance of the wire coll sections 82 in 
ohms. The negative sign in the above equation indicates 
that the direction of the generated current opposes the 
change in the magnetic flux that produced it. As fur- 
ther described in Lenz's law, if the magnetic flux ^ 
across a wire decreases, the induced current flows in a 
direction to set up a magnetic field in parallel with the 
decreasing magnetic flux. When the magnetic flux 
across a wire increases, the induced current flows in a 
direction to set up a magnetic field opposing the increas- 
ing magnetic ftux. 

[0051] Since the magnetic ftux across the wire coil 
sections 82 is decreasing as the magnets 78 nnove away 
from the wire coil sections 82 in Figure 48. the current 
flows In a direction to set up a parallel fiekJ with the de- 
creasing magnetic flux. As the piston 48 continues to 
move in an upward axial direction (as shown in Figure 
3D), the magnets 78 will continue to move across the 
wire coil sections 82 and induce a current in a direction 
to set up a parallel field. The current will continue to be 
generated until the piston 48 reaches its extreme posi- 
tion (as shown in Figure 3E). At this point, the piston 48 
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momentarily stops, along with the magnets 78. Because 
the magnets 76 are no longer in motion, there is no 
change in the magnetic flux across the wire coil sections 
82. and no current is generated. 
[0052] The piston 48 then reverses direction and be- 
gins to move axialty in a downward direction (as shown 
in Figure 3A). The magnets 78 thus begin to again over- 
lap the wire coil sections 82 and generate an increasing 
magnetic flux across the wire coil sections 82, as shown 
in Figure 4D. This induces a current in the wire coil sec- 
tions 82 in an opposite direction such that the curent 
sets up a field that opposes the increasing magnetic flux. 
Finally, at the extreme lower position of the piston 48 
(shown in Figure 3B), the movement of the magnet 78 
again ceases momentarily. As a result, there is no 
change in magnetic flux across the wire coil sections 82. 
and the current flow is equal to zero. 
[0053] An example of an alternating current which 
may be produced by the alternator section 38 in Figure 
4A through 4E is illustrated in Figure 6 A. A person of 
ordinary skill in the art will appreciate that the shape of 
the waveform in Figure 6A may vary depending on the 
acceleration of the piston 48, the shape of the magnetic 
field generated, and the shape of the coils as they os- 
cillate within the housing 42. At t=0, the magnet 78 is at 
the position shown in Figure 4A where there is no move- 
ment, or no overlap of the wire coits and magnetic fields, 
and no current is generated. Thus, at t=0, the current 
equals zero. At t=1 , the magnets 78 are moving away 
from the wire coil sections 82 as depicted in Figure 48, 
and the current is in a first direction to set up a magnetic 
field in parallel to the decreasing magnetic flux. This di- 
rection is denoted as a positive current in Figure 6A. At 
t=2, the magnets 78 nrK>mentarily cease movement, at 
the upper most axial position of the piston 48, as shown 
in Figure 4C. The magnetic flux is no longer changing 
across the wire coil sections 62, and the current again 
equals 0. As the magnets 78 move axially downward 
toward the wire coil sections 82. a current is induced in 
a direction to set up an opposing magnetic field to the 
increasing magnetic flux generated by magnets 78. This 
direction is denoted as negative at t=3 in Figure 6A. Fi- 
nally, the magnets 78 slow prior to reaching their lowest 
point, which generates a decreasing current. When the 
magnets 78 reach their lowest most point at t=4, shown 
in Figure 4E, the movement of the magnets 78 again 
momentarily ceases. As a result, the magnetic flux is no 
longer changing, and the current flow falls to zero again. 
[0054] An altemative embodiment of the alternator 
section 38 is shown in Figures 5A through 5E. In this 
embodiment, the magnets 78 and the wire coil sections 
82 are positioned such that the magnets 78 completely 
cross over the wire coil sections 82 during each oscilla- 
tion. At the lowest position of the piston 48 (depicted in 
Figure 38). the magnets 78 in Figure 5A are positioned 
below the wire coil sections 82. In Figure 58, the piston 
48 begins to move upward in an axial direction, and the 
magnets 78 begin to move across the wire coil sections 



82. This creates an increasing magnetic flux across the 
wire coil sections 82. A current is induced in the wire coil 
sections 82 in a direction which sets up a field to oppose 
the increasing magnetic flux. In Figure 5C, the nnagnet 
5 78 completely overlaps the wire coil section 82. When 
the magnets 78 completely overlap the wire coil sections 
82, there is no change in the magnetk: flux across the 
wire coil sections 82 and as such, no current is gener- 
ated. As the magnets 78 move away from the wire coil 
10 sections 82, as shown in Figure 5D, the magnetic flux 
decreases and current is again induced in the wire coil 
sections 82. The current flow is now in the opposite di- 
rection such that the current sets up a field to reinforce 
the decreasing magnetic flux of the magnets 76. Finally 
IS in Figure 5E, the piston 48 is at its upper most position 
axially and the magnets 78 no longer overlap the wire 
coil sections 82. As a result, there is no change in mag- 
netic flux across the wire coil sections 82 and, hence, 
no current is generated. 

[0055] An example waveform of the alternating cur- 
rent generated by the alternator section 38 of Figures 
5A through 5E is shown in Figure 68. Because the mag- 
nets 78 completely cross over the wire coll sections 82. 
a current flow is induced in first one direction and then 
in the other direction in the wire coil sectbns 82 during 
a single, unidirectional oscillation of the piston 48. Thus, 
the frequency of the current induced is twice that of the 
alternator section 38 of Figure 4A through 4E for the 
same acceleration and stoke length of the piston 48. 
[0056] The frequency and amplitude of the alternating 
currents shown in Figures 6A and 68 may be regulated 
by altering the acceleration of the piston 48. Since the 
induced current is proportional to the change in the mag- 
netk; flux <|»b, the amplitude of the alternating current 
generated may be increased by increasing the rate of 
change of magnetic flux i^q. This may be accomplished 
by increasing the acceleration of the piston 48 and thus 
the acceleration of the magnets 78 across the wire cross 
sections 82. As the acceleration of the nr^agnets 78 is 
increased, the change in the magnetic flux across the 
wire coil sections 82 increases over time. This acceler- 
ation of the magnets 78 also increases the frequency of 
the induced alternating current. To increase the accel- 
eration of the piston 48, state surface pumps may pump 
fluid into the well to increase the pressure in the interior 
volume 50 of the drill string 30 which in turn increases 
the rate of fluid flow in the housing 42. 
[0057] The alternating current generated by the alter- 
nator section 38 may be converted into direct current 
(DC) with an AC to DC convertor. as is well known in the 
art. The resulting current may be used to recharge bat- 
leries, or to temporarily replace the batteries to increase 
their longevity. In addition^ the current may be used by 
a high power circuit requiring more power than that ob- 
tainable from the batteries in the downhole power 
source. The present invention thus increases the lon- 
gevity of downhole batteries and enables the use of 
higher power circuits which was not previously possible. 
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Furthermore, the alternator section 38 has an efficient 
design which may be implemented without much cost. 
The current generator 34 requires no turbine so there 
are no internal flow restrictions. Furthermore, the cur- 
rent generator 34 has no battery imposed temperature 
limitations and thus it may be used in environments hav- 
ing increased operating temperatures. 
[0058] Figure 7 depicts an alternate embodiment of 
the current generator of the present invention shown is 
mounted in a probe 122. The power section 36. shown 
in Figure 7A. includes the housing 42, and the piston 48 
slidably disposed within sleeve 44 and housing 42. Be- 
tween the pipe string 30 and the housing 42 is an annu- 
lar chamber 1 34 which is in fluid communication with the 
fluid passageway 56 of the housing 42. The annular 
chamber 1 34 provides an outlet for the fluid pumped into 
the interior volume 50 during operation of the power sec- 
tion 36. 

[0059] The alternator section 38, shown in Figure 7B. 
includes the housing 42, the piston 48, the magnets 78 
attached to the piston 48 and the finger pieces 84 with 
the wire coil sections 82 attached thereto. As the piston 
48 travels upward relative to the housing 42, a change 
in magnetic flux from the magnets 78 induces a current 
in the wire coil sections 82. The generated current is 
conducted by wires to a transducer circuit 1 36 which 
measures conditions such as pressure or temperatures 
within the wellbore 40. The transducer circuit 1 36 may 
include an AC to DC convertor if necessary. The gener- 
ated current may be used as a temporary alternate pow- 
er source for the transducer circuit 136 or to recharge- 
batteries used in the transducer circuit 1 36. 
[0060] Figures 8A, C, and D illustrate three embodi- 
ments of a generator section which can be attached lo 
the power sections described above. Unlike the previ- 
ously described altemator sections, the generator sec- 
tions shown in Figures 8A-D generate a direct current 
without the need for an AC-to-DC convertor. The gen- 
erator 800, shown in Figure 8 A, contains the coils 802 
and 804, which are attached to the switch/contact 805. 
The coils 802 and 804 are also attached to the power 
section (not shown in Figure 8A), and oscillate up and 
down with the motions of the power section. The coils 
802 and 804 both contain numerous windings, with the 
coil 802 being wound in the opposite direction of the coil 
804. Fixed to the housing 808 is a static coil 810. The 
static coil 81 0 has a direct current flowing through it, and, 
as a consequence, generates a magnetic field. In other 
embodiments, the static coil 810 can be replaced by a 
permanent magnet. 

[0061] In operation, the coils 802 and 604 oscillate 
through the magnetic field created by.the static coil 810. 
During each upward and downward pass through the 
magnetic field, only one of the coils 802 and 804 will be 
electrically active. Which coil is active depends upon the 
position of the switch/contact 806. For example, when 
the power section is moving downward, the contact/ 
switch 806 will rotate so that only coil 804 is electrically 



active. The switch/contact 806 accomplishes this by 
putting the coil 804 in contact with the conductive area 
812 located on the inside of the housing 808. When the 
switch/contact 806 is in this position, a current will be 
s induced in the coil 804 by the magnetic field created by 
the static coil 810. This current will flow through the con- 
tact portion of the switch/contact 806, to the conductive 
area 812. Pumps, instruments, and other device requir- 
ing electricity can be attached to the conductive area 
812 to receive current. 

[0062] Eventually, the power section begins to travel 
upward. The switch/contact 806 then rotates and places 
the coil 802 in contact with the conductive area 612. As 
the coil 802 travels through the magnetic field of the stat- 
ic coil 810, current is induced in the coil 802 in the same 
manner as current was induced in the coil 804. Also, 
since the coils 802 and 804 are wound in opposite di- 
rections, the direction of the current flowing through the 
switch/contact 806 is the same as when the coil 804 is 
electrically connected to the conductive area 812. This 
is due to the coils 802 and 804 being wound in opposite 
directbns. In this manner, a sinusoidal direct current is 
conducted by the switch/contact 806 to the conductive 
area 812. 

[0063] Figure 88 illustrates the switch/contact 806 in 
greater detail. The switch/contact 806 is pivotally con- 
nected to the power section at a pivot point 820. The 
switch/contact 806 also contains the contacts 822 and 
824. as well as the electrical connections 826 and 828. 
The electrical connections 826 and 828 are each con- 
nected to one end of the windings of the coils 802 and 
804, respectively Also, the electrical connections 826 
and 828 are electrically connected to the contacts 822 
and 824, respectively The contacts 822 and 824 are al- 
ternately in contact with the conductive area 812 of the 
generator section, depending upon the motion of the 
power section. When the power section is moving down, 
the switch/contact 806 rotates about the pivot point 820 
(due to friction), so that the contact 824 is electrically 
continuous with the conductive area 812. Likewise, 
when the power section reaches bottom and begins to 
move upward, the switch/contact 806 rotates downward 
and places the contact 822 in contact with the conduc- 
tive area 812. 

[0064] Figure* 8C depicts another embodiment of a 
generator section which directly produces direct current. 
An arm 840 is attached to the power generator, and 
moves up and down with the power generator. Attached 
to the end of the arm 840 are four contacts: 842. 844, 
846, and 848. These four contacts reside within a slot 
in the upper end of the coil assembly 850. The coil as- 
"sembly 850 contains a single coil 852, which is perma- 
nently electrically connected to the contacts 854, 856, 
658, 860. The contacts 862 and 864 are also located on 
the coil assembly 850, but are selectively put into con- 
tact with the contacts 858 and 860. depending upon the 
position of the arm 840. The contacts 862 and 864 are 
permanently electrically connected to the primary con- 
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tact 866. The primary contact 666. in turn, is connected 
to the conductive area 668. which Is located on the In- 
side of the housing 869. A static coil 853 creates a mag- 
netic field and Imparts a current to the coil 852 when the 
coil 852 is in motion. 5 
[0065] In operation, the arm 640 alternately moves up 
and down. When moving down, the contacts 844 and 
848 on the arm 840 are in contact with the contacts 856, 
860. and 864 of the coil assembly 850, with the contact 
848 electrically joining the contacts 860 and 864. In this io 
manner, when the arm 840 moves downward, a current 
is generated in the coil 852. due to the magnetic field 
created by the static coil 853. This current flows through 
the primary contact 866 to the conductive area 868. 
When the arm 840 has moved to its maximum down- '5 
ward position, it begins to move upward. When the arm 
840 starts to move upward, it disengages from the con- 
tacts 856, 860, and 864, and engages the contacts 854, 
858, and 862 with contacts 842 and 846. The contact 
846 electrically connects the contacts 858 and 862. Dur- 20 
ing this upward movement of the coil 852, current will 
be generated which flows in the same direction as it did 
when the arm 840 was moving the coil assembly 850 
downward. The current flows in the same direction be- 
cause the electrical leads 853 and 855 of the coil 852 2S 
are reversed from when the coil 852 was moving down- 
ward. Whereas the lead 853 was connected to ground 
when the coil 652 was moving downward, the lead 853 
is connected to the primary contact 866 when the colt 
852 moves upward. The lead 855 is switched from one 30. 
connection to the other In a similar manner Due to this 
switching action (which is caused by the movements of 
the arm 840), a sinusoidal direct current will flow out of ' 
primary contact 866, as was the case for the generator 
shown in Figure 8 A. 3S 
[0066] Figure 8D illustrates a third embodiment of a 
direct current generator. The coils 880 and 884, and the 
electromagnet 882 are connected to the power section, 
and move up and down relative to the pernnanent mag- 
nets 886 and 890. and the static coil 888. When moving 40 
downward, the pemnanent magnets 886 and 890 gen- 
erate a current in a first direction in the coils 880 and 
884. This current is used to power the electromagnet 
882. The electromagnet 882 will then create a magnetic 
field having a first polarity The magnetic field created 
by the electromagnet 882 wiH then induce a current in 
the static coil 888. This current can then be used to pow- 
er instruments or other devices. When the coils 880 and 
884 begin to move upward, the permanent magnets 886 
and 890 will create a current in a second direction in the so 
coils 880 and 884. Again, this current is used to energize 
the electromagnet 882. The polarity of this magnetic 
field is opposite to the polarity of the field created when 
the electromagnet was moving downward. However, 
because the electromagnet 882 is moving in an opposite ss 
direction relative to the static coil 888, the direction of 
the current generated in the static coil 888 is the same, 
regardless of whether the electromagnet 882 is moving 



up or down. It should be appreciated that a system sim- 
ilar to that shown in Figure 8D could be created with a 
single coil and a single permanent magnet. 
[0067] Referring next to Figures 9A and 10A, an al- 
ternate embodiment of the power section 138 of the cur- 
rent generator 34 is depicted. The power section 138 
includes a housing 142 and a mandrel 144 which are 
slidably disposed within the housing 1 42, wherein the 
mandrel 144 has an inner cylindrical surface 140 which 
defines an interior volume 50. The mandrel 144 also de- 
fines a hole 146 which extends between an upper an- 
nular radially extending the shoulder 150 and a lower 
annual radially extending shoulder 160. The mandrel 
144 has an upper outer cylindrical surface 162 extend- 
ing above the shoulder 150, a central outer cylindrical 
surface 164 extending between the shoulder 150 and 
the shoulder 160. and a lower outer cylindrical surface 
1 66 which extends below the shoulder 1 60. Between the 
housing 142, the shoulder 150 and the surface 162 is 
the upper chamber 152. Between the housing 142, the 
shoulder 160 and the surface 166 is a lower chamber 
154. 

[0068] The housing 142 defines a fluid passageway 
156 which is in fluid communication with the wellbore 
40. The mandrel 144 defines a fluid passageway 158 
which is in fluid communication with the interior volume 
50. The mandrel 144 also has an upper fluid passage- 
way 166 and a tower fluid passageway 170 which Is in 
communication with the fluid passageway 156 of the 
housing 142. Between the piston 148 and the mandrel 
144 is an upper volume 176 and a lower volume 178. 
[0069] In operation, the upper fluid passageway 168 
of the mandrel 144 is alternatively in communication 
with an upper volume 1 76 and an upper fluid passage- 
way 172 of the piston 1 48. The lower fluid passageway 
170 of the mandrel 144 is altemately in communication 
with the lower volume 178 and the lower fluid passage- 
way 1 74 of the piston 1 46. The fluid passageway 1 58 of 
the mandrel 144 is alternately in fluid communication 
with the upper fluid passageway 1 72 and the lower fluid 
passageway 174 of the piston 148 as the mandrel 144 
oscillates relative to the housing 142. 
[0070] On the downward strol^e of the piston 1 48 and 
the mandrel 144, high pressure fluid from the interior vol- 
ume 50 enters the upper chamber 152 through the fluid 
passageway 1 58 of the mandrel 1 44 and the upper fluid 
passageway 172 of the piston 148 and fluid from the 
lower chamber 154 exits into the wellbore 40 first 
through the passageway 156 in the housing 142, thence 
through the lower fluid passageway 170 of the mandrel 
144 and finally through the lower fluid passageway 174 
of the piston 148. The piston 148 travels downward until 
contact is made between the piston 148 and the shoul- 
der 180 within housing 142. The mandrel 144 continues 
to travel downward until the fluid passageway 1 58 of the 
mandrel 144 is in fluid communication with the lower flu- 
id passageway 174 of the piston 148. the upper fluid 
passageway 168 of mandrel 144 is in fluid communica- 
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tion with the upper fluid passageway 172 of the piston 
1 46 and the lower fluid passageway 1 70 of the mandrel 
144 is in fluid communication with the lower volume 178. 
[0071] On the upward stroke of the piston 148 and the 
mandrel 144, high pressure fluid from the interior vol- 5 
ume 1 50 enters the lower chamber 1 54 through the fluid 
passageway 158 in the mandrel 144 and the lower fluid 
passageway 1 74 in the piston 1 48. While fluid from the • 
upper chamber 152 enters the wellbore 40 through the 
upper fluid passageway 172 o! the piston 148 and the io 
upper fluid passageway 168 of the mandrel 144. The 
piston 148 travels upward until contact is made between 
the piston 148 and the shoulder 182of the housing 142. 
The mandrel 144 continues to travel upward until the 
fluid passageway 1 58 of the mandrel 1 44 is in commu- *5 
nication with the upper fluid passageway 172 of the pis- 
ton 1 48, the upper fluid passageway 1 68 of the mandrel 
144 is in communication with the upper volume 176 and 
the lower fluid passageway 1 70 of the mandrel 144 is in 
fluid communication with the lower fluid passageway 20 
1 74 of the piston 1 48. In addition, the upper and the iowr 
er coil springs (not pictured) may downwardly and up- 
wardly bias the piston 148 respectively. 
[0072] Figures 9B and 10B illustrate a modified ver- 
sion of the power section shown in Figures 9A and 1 0A. 25 
Whereas the power section shown in Figures 9A and 
10A is designed to operate when the tubing pressure is 
greater than the annulus pressure, the power section 
shown in Figures 9B and 108 operates when the annu- 
lus pressure is greater than the tubing pressure. This 30 
manner of operation is achieved by removing ports 158, 
168, and 170. as shown in Figure 1 0A, and replacing 
them with ports 158b, 168b, and 170b. as depicted in 
Figure 1 0B. Changing the location of the ports described 
above allows fluid to enter into the interior volume 50 of 3S 
the power section 138 from the wellbore 40, thereby 
causing the power section 1 38 to oscillate and do work. 
[0073] While the invention has been described herein 
relative to its preferred embodiments, it is of course con- 
templated that modifications of, and atternatives to. 40 
these embodiments, such modification and alternatives 
obtaining the advantages and benefits of this invention, 
will be apparent to those of ordinary skill in the art. It is 
contemplated that such modifications and alternatives 
are within the scope of the appended claims. 



Claims 

1. A downhole current generator (34), comprising: a so 
power section (36); and a generator section (38) 
which generates a current responsive to oscillations 

of the power section (36). 

2. A downhole current generator (34) according to 55 
claim 1, wherein said generator section (38) in- 
cludes: at least one magnet (78) which oscillates in 
response to the oscillation of said power section 



(36); and at least one wire coil section (82) posi- 
tioned in relation to the or each magnet (78) such 
that a current is induced within said at least one wire 
coil section (82) in response to oscillations of the or 
each magnet (78). 

3. A downhole current generator (34) according to 
claim 2, wherein saki power section (36) includes a 
piston (48) which oscillates in response to an appli- 
cation of increased fluid pressure to said power sec- 
tion (36) and wherein the or each magnet (78) is 
attached to said piston (48). 

4. A downhole current generator (34) according to 
claim 2 or 3, wherein the or each magnet (78) over- 
laps the or each wire coil section (82) during oscit- 
tatbn. 

5. A downhole cun'ent generator according to claim 2, 
3 or 4, wherein there are at least two magnets (78). 

6. A downhole current generator (34) for generating 
current in a wellbore, comprising: a power section 
(36), including a first housing (42), a sleeve (44) sl- 
idably disposed within said first housing (42) such 
that said sleeve (44) oscillates axially within said 
first housing (42) in response to changes in fluid 
pressure across the power section (36). and a pis- 
ton (48) slidabiy disposed within said sleeve (44) to 
oscillate axially relative said sleeve (44) and said 
first housing (42); and a generator section (38), in- 
cluding a second housing attached to said power 
section (36) and defining an interior volume into 
which said piston (48) of said power section (36) 
extends, at least two magnets (78) attached to said 
piston (48) such that said magnets (78) oscillate in 
response to the oscillation of said piston (48), and 
a wire coil section (82) fixed relative to said second 
housing of said generator section (38) and posi- 
tioned to overlap said magnets (78). 

7. A downhole current generator (34) according to 
claim 6. wherein said generator section (38) further 
includes alternating finger pieces (84) extending 
longitudinally along said second housing of said 
generator section (38) and further defining grooves 
between the finger pieces (84). 

8. A downhole current generator (34) according to 
claim 7. wherein said magnets (78) are attached to 
said piston (420 to oscillate within said grooves de- 
fined by said alternating finger pieces (84). 

9. A downhole current generator (34) according to 
claim 7 or 8. wherein a bobbin (86) is attached to 
said finger pieces (84) and a wire coil (82) is 
wrapped around said bobbin (86) such that said 
magnets (78) generate a magnetic field perpendic- 
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ular to the circumference of said wire coil (82). 

10. A method of generating power in a wellbore, com- 
prising: oscillating a piston (48) in a downhole cur- 
rent generator (34) responsive to a differential in flu- s 
id pressure across the downhole current applied to 
said downhole current generator (34); and relatively 
oscillating at least one magnet (78). relative to a wire 
coil section (82) responsive to the oscillation of said 
piston (48) to induce a current in said wire coil sec- 
tion (82). 

11. A method according to claim 10, further including 
the steps of: inserting the downhole current gener- 
ator (34) into a wellbore, wherein the downhole cur- is ■ 
rent generator (34) includes a power section (36) 

and a generator section (38); and. applying fluid 
pressure to the downhole current generator (34). 

12. A method according to claim 11 , wherein said step 20 
of oscillating the piston (46) further includes the 
steps of: oscillating a sleeve (44) which is slidably 
disposed within a housing (42) of the power section 

of said downhole current generator (34) responsive 
to the change in fluid pressure; and oscillating said - 2S 
piston (48) relative to said sleeve (44) and said 
housing (42) responsive to the change in fluid pres- 
sure. 



12 




13 



EP0909 008A2 




EP0909 008 A2 




FIG. 2B 
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FIG. 6B 
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